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ICARUS and SBN at Fermilab

ACARUS is the Far Detector in the Short Baseline Neutrlno (SBN) Program

ASBN program physics: 1 r
AeV-scale sterile neutrino search R A CARUS- :
AGeVfscale neutrino cross section measurements

ASingle Detector BSM physics searches
ICARUS MicroBooNE SBND
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Neutrino Images from the ICARUSTPC

Electron neutrino Muon neutrino
Candidate Candidate

NuMI Data

https://news.fnal.gov/2021/05/icarugyetsready-to-fly

ICARUS Detectd i _ _
at ENAL - I | P e o Each image is from one TPC
| N Inside each cryostat
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ICARUS: A Liquid Argon Time Projection Chab#diiRC

What measurements can you do with
charge calorimetry in BArTP@

“Ip, el
Separation

Electron neutrino
Candidate

NuMI Data

Electron
showers

Lowenergy
particles from' s

Lowenergy
electron tracks

Very low energy
_ _ electron blips
ALArTP@s a calorimeter for measuring
charged particles produced ininteractions
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Using Charge at DUNE: Low Energy Electrons

Supernova neutrino burst detection with the deep underground
neutrino experiment

DUNE Collaboration

DUNE as the Next-Generation Solar Neutrino Experiment

Francesco Capozzi®,"*>" Shirley Weishi Li®,"**" Guanying Zhu®,"** and John F. Beacom

'Center for Cosmology and AstroParticle Physics (CCAPP), Ohio State University, Columbus, Ohio 43210, USA
2Department of Physics, Ohio State University, Columbus, Ohio 43210, USA
’Max-Planck-Institut fiir Physik (Werner-Heisenberg-Institut), 80805 Miinchen, Germany
*SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA
5Department of Astronomy, Ohio State University, Columbus, Ohio 43210, USA
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® (Received 4 September 2018; published 27 September 2019)
Xenon-Doped Liquid Argon TPCs as a Neutrinoless Double Beta Decay Platform
A. Mastbaum,! F. Psihas,? and J. Zennamo?
' Rutgers University, Piscataway, N.J, 08854, USA

2Fermi National Accelerator Laboratory (FNAL), Batavia, IL 60510, USA
(Dated: March 29, 2022)

Physics goals for DUNE include a variety of signatures from low energy elet
which would apply calorimetric energy measurements.
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How Well Can We
Calibratd ArTPCs




Cosmic Muons as a Standard Candle

Aln LArTP@xperiments, depositions from cosmic muons are used as a A
Ggadl yRFNR OFYyRES¢ G2 OFftAONIGS GKS

T'he known profile of charge depositions along a
muon is used to measure channel gain to obtain t
calorimetric energy scale

Stopping
Cosmic

Calorimetric Energy:

QIADCI>Q R | ->E

Gain External
Calibration Measurement
Recombination




Accuracy of Energy Measurements

Aln LArTP@xperiments, depositions from cosmic muons are used as a o
Gadl yRFNR OIFYyRfSE G2 OFftAONIGS GKS €

AThe predicted ionization per length of a cosmic muon combines the Bethe
Bloch energy loss with a recombination model to map energy to charge

How well do we know the mogirobable— from a
1GeV muon deposition with 1ms of drift time?

Source CV with Uncertainty | Percent Impact
on dQ/dx

ArgoNeuT Collab, JINST (2013)

Recombination Modeling | T8O 0 T8I ¢ 3.8 o

I T P C T TT P Recombination modet:— ——
Mean Excitation Energy  p Y Yp xeV 1.0 ICRU 37, plus uncertainty froBArv. LAr
Transverse Diffusior) ) Y 18 cnméls 1.0 Extrapolation from longitudinal diffusion

throughWannierrelation
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Accuracy of Energy Measurements

Aln LArTP@xperiments, depositions from cosmic muons are used as a o
Gadl yRFNR OIFYyRfSE G2 OFftAONIGS GKS €

AThe predicted ionization per length of a cosmic muon combines the Bethe
Bloch energy loss with a recombination model to map energy to charge

How well do we know the mogirobable— from a

1GeV muon deposition with 1ms of drift time?
CV with Uncertainty | Percent Impact
on dQ/dx

ArgoNeuT Collab, JINST (2013)

Recombination Modeling | T8O 0 T8I ¢ 3.8 o

I T P C T TT P Recombination modet:— ——
Mean Excitation Energy p W Wp eV 1.0 ICRU 37, plus uncertainty froBArv. LAr
Transverse Diffusior) ) Y& 18 cnéls 1.0 Extrapolation from longitudinal diffusion

throughWannierrelation
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The Landau Energy Loss Distribution Depends on Wire Thi

AThe distribution of energy loss is a Muon Energy Loss Changes
Landau distribution with Detector Thickness
' M :

AThe peak of a Landau distribution ha< ,dlze/?ﬁ l"c'gnlessm
a dependence on the length of the £ L
particle observed by the wire E ; _ 10em

o I
AAs the thickness goes up, the most = : E, = 1GeV
probablevalue (MPV) of energy loss goe | LAr

up 1.5 2.0 2.5 3.0 3.5 4.0
dE/dx [MeV/cm]
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Diffusion Changes the Thickness!
WITH DIFFUSION WITHOUT DIFFUSION

w(Xx):weight function
which gives a weight
to how much ionization
charge a wire will see g
each point along the
muon trajectory.

From: G Putham and
D Schmitz . u u
(arxiv. 2205.06745) , WO o

@ O
ADiffusion transverse to the drift direction (and the wire direction) thickens the lengt
of the muon that each wire is sensitiveqahis changes the MPV energy loss
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Energy Scale Calibration
at ICARUS




Energy Scale Calibration Procedure

AStep 1normalizethe detector response in the drift direction
AThis removes detector effects such as argon impurities which attenuate the signal

AStep 2:ccalibratethe energy scale
AExamination of the systematic uncertainties and results at ICARUS

AFor both steps, we have devised a procedure which addresses possible biases
from diffusion
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Normalizing the Drift Direction Detector Response

Almpurities in the argon attenuate ionization electrons as a function of drift tir

ATo remove this effect: look @Q/dx from cosmic muons, make it flat across th
detector 0

Cathode k
—
o

Anode-Crossing 0

u, for
normalization

TPC
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Drift Direction Response Normalization with Diffusion

ADiffusion changes the underlyindgdx of muon ICARUS Monte Carlo

depositions across the drift direction = 181{ 1 Wire (hitby-hit)
AWe can remove this effect by coargeaining the § 1.801 Measurement
detector LE 1.79
g 1.78 _
Diffusion Width @177 Underlyingd&dx -
~ w(x) . changes across drift
Wire Width : : : :
200 40(? . 600 800
1 Channel Hit Time [us]
o —
§°% FlatdHdx
Diffusion Width = 1.985
<< k]
Wire Width w(x) i: L 080
% 10 Wire (coarsgyrained)
9 Channels 2 1.975{measurement
000600000 200 400 600 800
Hit Time [us]

GRAY PUTNAM UNIVERSITY OF CHICAGO 15




Drift Direction Response Normalization with ~ 1cARUS Commissioning Data

1 TPC WW Run 7897
Diffusion S
4 . . . 650 - —— 10-Wire

ADiffusion changes the underlyinli/dx of muon E 625
depositions across the drift direction 3 600
AWe can remove this effect by coargeaining the 2 27
detector 2>
s 525
Diffusion Width 2991
~ W(X) 475 A
Wire Width —0.07251 (1-Wire - 10-Wire) / 10-Wire
1 Channel ~0.07501
i The difference ing 2 -0.0775; LS
thickness (and g —0.0800 - ///
Diffusion Width thus dEdXx) S _0.0825.- pad
3 narrows across |z 2
Wire Width w(x) the drift. V= ~0.0850
—0.0875
9 Channels ~0.0900- |
0006060606000 200 400 600 800
Drift Time [us]
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Energy Scale Calibration Procedure

AAfter normalizing detector response, we calibrate the energy scale by fitting
to the dQ/dx profile of stopping cosmic muons

ABin hits in term®f: residuatrange (momentum),
track angle, and drift time YY iy o
Cath Od e % Residual Range
>
7 I Calibration
. ICARUS Da ’ Reiiduil RangeI I
Stopping “— Bragg , YY i) o
CleEmie e P_?_‘f’}k Stopplng B, Binning hits by residuange (to
TE Michel e for Calibration obtain momentum) and
thickness selects for a single peak
TPC dEdx to calibrate to.
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TPC WE
700 < tyrire < 800 MS
0.3 < pitch < 0.4cm

Gain: 85.3 2.0Q /ADQ

ExamplalQ/dx Profile Data

MPV dQ/dx [ADC/cm]
2
o

ICARUS

Commissioning Gain: 85.3 2.0Q /ADC 600 -

Data PRELIMINARY t
PRELIMINARY —— Fit w/ Systematic Pulls ¢ Data

TPC WE 100 150 200 250 300

Residual Range [cm]

Gain: 85.3 2.0Q /ADC
AFit across all drift bins, with a separate
dFAY AY S| OK ¢ i#pdenumkadnR a LJddzt £ a € T 2 NJ
systematics PRELIMINARY

TPC TPC| TPC TPC

WW  WE EW EE

Crya West Crya East
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